Abstract. We propose the first association of an opti- 
cal counterpart with a luminous supersoft X-ray source in 
M31, RX J0044.0-h4118, observed with ROSAT in July 
1991. The PSPC position is at 1.6"angular distance from 
a candidate nova in outburst in September of 1990. This is 
interesting because the incidence of classical novae among 
supersoft X-ray sources is an open question. The proposed 
optical counterpart was measured at Rcil7.7 in September 
of 1990, and it had faded to R>19.2 when it was observed 
^i;^" ' again after 70 days. The light curve was too sparsely mon- 
itored for definite conclusions on the speed class of the 
nova. No other variable objects with V<23.5 were found 
C\J I in the ROSAT spatial error box. We evaluate that the 
probability that a classical or recurrent nova was in out- 
burst in the ROSAT error box in the few years preceding 
^! ■ the observation is very small, so the proposed identifica- 
tion is meaningful. We show evidence that the associated 
supersoft X-ray source turned off in the third year after 
I ' the outburst. 
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1. Introduction 

Supersoft X-ray sources (SuSo) are among the most in- 
triguing objects discovered in the past few years. Their 
X-ray luminosity is in the range 10^^-10^^ erg s~^, a non- 
negligible fraction of the Eddington hiniinosity of a 1 Mq 
star (about 10^* erg s~^). The spectrum is blackbody-like, 
with an effective temperature in the range 20-80 eV. The 
first supersoft X-ray sources were discovered with Einstein 
in the Magellanic Clouds (Long et al. 1981; Wang et al. 
1991) and later defined as a whole new class of objects 
thanks to new ROSAT PSPC discoveries in the Galaxy 
and local group galaxies (see Kahabka & van den Heuvel 
1997). A wide range of sources have been classified as SuSo 
and they all seem to have one important feature in com- 
mon: a white dwarf burning hydrogen in a shell. This class 
comprises the hottest PG1159 objects (e.g. Cowley et al. 
1995), rare planetary nebulae with low absorption of the 
surrounding nebula, and a large number of binary sources. 
Among the latter we have symbiotic stars, classical and re- 
current novae, V Sgc stars, and a new class of close X-ray 
binaries (van den Heuvel et al. 1992; Greiner 2000 and 
references therein). 

The close binary SuSo sources are particularly inter- 
esting as candidate progenitors of type la supernovae. Ka- 
habka (1999) estimates that 20% to 100% of all type la 
supernovae in M31 have SuSo progenitors. Sixteen super- 
soft X-ray sources (hereafter SuSo) were detected during 
the deep ROSAT PSPC pointings of M31 (Greiner 1996; 
Supper et al. 1997; Greiner 2000). Eighteen other ROSAT 



sources in the direction of M31 have been proposed to 
belong to this class (Kahabka 1999). Most fields were sub- 
sequently observed with the ROSAT PSPC and the posi- 
tions arc precise within 10-15 arcscc. It is crucial to de- 
termine the precise nature of this population and whether 
it is associated with M31. Yet, only nine of the sources 
have been scheduled for Chandra observations, which will 
yield arcsecond precision if the sources are not transient. 
Foreground sources (especially cataclysmic variables of the 
AM Her type, which can be as "soft" as SuSo but at 
least two order of magnitudes less luminous) have been 
excluded by Greiner et al. (1996). Some sources may be 
background AGN or large-amplitude outbursts of super- 
soft X-ray emission in active and non-active background 
galaxies, which have been interpreted as tidal disruption 
events (Komossa & Greiner 1999). 

However, the number of fore- and background sources 
in the direction of M31 is limited, and the majority of ob- 
jects in the field belong to the M31 population (at least 
among the original 16 SuSo identified in the deep point- 
ings). SuSo physically belonging to M31 can be detected 
easily due to the lack of strong interstellar absorption, and 
to the high bolometric luminosity which peaks in the su- 
persoft X-ray range. Most other SuSo were detected in the 
Magellanic Clouds and not in the Galaxy (see Orio et al. 
1994, 1997; Greiner 2000 and references therein). The only 
way to know whether one specific source belongs to M31 
is to identify and study the optical counterpart. 
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2. Classical and recurrent novae in M31 

Extrapolating from V~ll for the brightest SuSo in the 
Galaxy and an average V>17 in the Magellanic Clouds, 
we conclude that SuSo which belong to M31 are not ex- 
pected to be brighter than optical magnitude V~22 unless 
they are classical or symbiotic novae shortly after the op- 
tical outburst. Novae in M31 are known to have maximum 
magnitude in the range V=16-18 (e.g. Rosino 1964a and 
b). The largest fraction of M31 novae peak around the 
low end of this range, and are mostly slow novae (see Ca- 
paccioli et al. 1989). As long as there is no precise Chan- 
dra position, we need to rely only on characteristics like 
very "blue" colour indexes, optical variability, and spe- 
cially bright emission lines to identify the counterparts 
(see the studies of sources in the Magellanic Clouds, like 
Orio et al., 1997). 

Classical and recurrent novae in outburst, because 
their brightness at maximum singles them out, arc the 
easiest super-soft X-ray sources to identify optically in 
M31. However, up to now only 5 out of 120 known no- 
vae observed with ROSAT and other X-ray observatories 
in the Galaxy and Magellanic Clouds have been observed 
to turn into SuSo (Orio ct al. 2001a). Out of 120 novae 
observed with ROSAT, 44 had an outburst in the previ- 
ous 10 years. Even if a fraction of Galactic novae might 
have been affected by huge interstellar absorption, and 
very few observations were repeated, the present statis- 
tics indicate only wlO% of classical and recurrent novae 
turn into super-soft X-ray sources for at least few years 
(see Orio et al. 2001a). If this is confirmed, we must con- 
clude that, in most nova systems, the white dwarf does 
not retain part of the accreted mass after each outburst, 
a condition necessary for it to become a type la super- 
nova (at least for most type la SNe progenitor scenarii, 
see Yungelson & Livio 1998). What is special and distinct 
about this sub-class of novae which do not expel all the 
accreted mass? In order to understand this issue, it is very 
important to broaden the statistics by studying the large 
number of M31 objects and identifying the novae among 
them. 

The observed classical nova rate in M31 is 20 year~^. 

Once it is corrected for extinction and other observational 
bias the "true" nova rate turns out to be about 29±4 
year~^ (Capaccioli et al. 1989). Since the 34 SuSo candi- 
dates were observed in deep pointings that lasted for ss2 
years, we might have had about 60 novae in that time 
span, most of them concentrated in the bulge. However, 
the detection efficiency of SuSo in the bulge is reduced 
compared with the disk since source crowding makes it 
difficult to extract the X-ray spectrum and determine the 
SuSo nature of these sources. This bias away from the 
bulge will further reduce the chance of detecting a SuSo- 
nova in M31. As a matter of fact, among 10 optically 
identified SuSo in the Magellanic Clouds, only one was 
a classical nova and another one a symbiotic nova. The 



detection rate of SuSo-novae in M31 will necessarily be 
lower than in the Magellanic Clouds which do not suffer 
the source crowding bias. Therefore, we do not expect a 
very large fraction of SuSo-novae in the M31 sample, but 
we definitely expect a few. The XMM transient XMMU 
J004319.4-I-411759 has tentatively been proposed to be a 
classical nova (Trudolyubov et al. 2001) even if the opti- 
cal nova counterpart has not been found. Along with per- 
sistent SuSo, several transient sources exist both in the 
Magellanic Clouds and M31 (e.g. White et al. 1995, Orio 
et al. 1997) but they may not all be novae, specially con- 
sidering that the Magellanic Clouds have been constantly 
monitored to discover nova outbursts in the last 50 years 
(see Orio et al. 1997 and references therein). According 
to Yungelson et al. (1996) and Kahabka & Ergma (1997) 
other transient SuSo should exist which are not classical 
or recurrent novae. 

3. The ROSAT X-ray observations of RX 
J0044.0-I-4118 

In this article we propose a classical nova as the opti- 
cal counterpart of a SuSo discovered with ROSAT. RX 
J0044.0-F4118 (or 2RXP J004404.8-h411820) was detected 
in a PSPC exposure of M31 done in July 1991 for about 
25 kscc (Supper et al. 1997). The count rate we obtain, in 
agreement with Supper et al. (1997), is 0.00252±0.00039 
cts s~^. The software we used for the data analysis is 
EXSAS (see Zimmermann et al. 1994). The field was ob- 
served again for very short pointings with the ROSAT 
PSPC in July 1992, January 1993 and August 1993. Su- 
perimposing the images Supper (2001, private communi- 
cation) obtains a 2 cr upper limit <0.0008 cts s~^. There- 
fore, the flux had dropped by at least a factor of ~4 dur- 
ing the third year post-outburst. In ffffJ images, including 
very deep exposures done in 1996, the source was not de- 
tected. The best 3a HRI upper limits of 1996 are <0.0003 
counts s"'^, corresponding to approximately <0.0026 cts 
s~^ in the PSPC. The rapid turn-off (tsuSo < 3 years) in 
X-rays is not unusual for a post-outburst classical nova, 
as we described in Section 2. According to Kato (1997) 
10 months<tsuSo £ 3 years translate into constraints into 
the nova white dwarf mass: 0.8 Mq < Mq <1.05 Mq for 
low metallicity. 

4. Discovery of an object in outburst in the field 
of RX J0044.0-I-4118 

Members of this team (see Orio et al. 2002 for preliminary 
results) conduct a project using the WIYN 3.5m telescope 
located at Kitt Peak, Arizona, to image the fields of the 
SuSo in M31. We obtain magnitudes of objects in the spa- 
tial error boxes of ROSAT, in different colours and usually 
with completeness limit ~23-24 in different filters. We ob- 
served the candidate SuSo in different bands, and as first 
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and most important step we identify the objects with U 
and B excess and those that arc variable. 

The position of RX J0044.0-I-4118, a(2ooo)=0h 44m 
4.76s and 5(2ooo)=+41° 18' 20,2" in the ROSAT ''rospspc- 
totaP catalog of PSPC sources in HEASARCQ, is only 1.6 
arcsec distant from an object detected around 18th magni- 
tude during observations of M31 performed in September 
1990. Photometry of this field was pubUshed by Magnier et 
al. (1992) in the catalog of M31, obtained with CCD pho- 
tometry done at the Mc-Graw Hill 1.3m telescope of MIT 
at Kitt Peak, and later in an article by Nedialkov et al. 
(1996, see Tab. 1), based on plates taken at the Special As- 
trophysical Observatory (SAO) of the Russian Academy 
of Sciences Im telescope. By sheer chance, the dates of 
observation of these fields in 1990 were very close: 1990 
September 17, September 19 (Magnier et al. 1992) and 
September 21 (Nedialkov et al. 1996). We note that the 
object is No. 24 in Nedialkov et al. 1996, and the position 
given in that paper has been revised here. Surprisingly, 
this object was not detected using the WIYN 3.5m tele- 
scope in 1998 and 2000 (see Tab. 2). We joined efforts with 
different groups who have been observing M31 in the last 
25 years and reviewed the observations prior to Septem- 
ber 1990. All the results are reported in Tab. 1 and Tab. 2 
(respectively, before and during, and after outburst). 

The limiting magnitude was R>20.4 in a plate ob- 
tained with the MPI Calar Alto 0.8m telescope on 1990 
August 28 (see Tab. 1), only 19 days before the outburst 
detection. The completeness limit of the photometry in 
September 2000 was V>23.5. The maximum luminosity 
(equivalent to Mpg ~6.5), the range of luminosity (rise by 
AR>2.9 mag in about 3 weeks, decay by AV=0.79 mag in 
less than 2 days and AR>2.5 mag in 70 days, and AV>5.3 
mag in a few years) suggest a classical nova in M31, which 
must have had an outburst on 1990, between August 30 
and September 17. We found that while the V magnitude 
was already decreasing in the 2 days following the first de- 
tection on September 17. However, perhaps the object was 
becaming slightly redder (it could have been due to dust 
formation) and definitely bluer (which is indeed expected 
for classical novae shortly after the outburst). However, 
the data in Tab. 1 are too sparse for definite conclusions. 
We note that the "fragment" of light curve we have is con- 
sistent with two different types of light curves. If we caught 
the nova at maximum, the few points we have could fall on 
the light curve of a slow nova, perhaps a nova with more 
than one peak (see novae No. 69 and No. 80 of Rosino, 
1973). Such a nova would probably belong to the thick 
disk or bulge population. On the other hand, if instead 
we missed the maximum, and the maximum magnitude 
was V~16.5, the nova could be a fast one, like No. 52 
of Rosino (1973), and belong to the disk population. The 
short turn-off time in X-rays seems to point at this sec- 
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ond possibility as more likely. The position of our nova 
candidate is a(2ooo)=0h 44m 04.71s ^(2ooo)=41° 18' 21.7". 
Six different telescopes yielded the results in Tab. 1 and 
Tab. 2, in which the magnitudes of a nearby star (No. 5) 
are also reported: the 1.2m and 0.8 m of the Max Planck 
Institute at Calar Alto, Spain, the Im telescope of the 
SAO (Russian Academy of Sciences), the 2m telescope 
of the BAS (Bulgarian Academy of Sciences), the WIYN 
3.5m telescope at Kitt Peak in 1998 August and in 2000 
September, and finally the 6m telescope of the SAO in 
2000 October. The WIYN observations were done with 
a single CCD in August 1998 and with the Mini-Mosaic 
Imager (4 frames in the mosaic, obtained with 2 CCDs of 
4096x2048 pixels, each read by two amplifiers) in Septem- 
ber 2000. An optical image obtained in September 2000 
and the comparison with the plate taken during to the 
outburst is shown in Fig. 1. The decline in luminosity of 
classical novae in M31 is on average slower than for Galac- 
tic novae, and a decrease by more than 2.5 magnitudes in 
70 days, is only observed in about half of the M31 novae. 

As it can be seen in Tab. 1 and Tab. 2, we did not de- 
tect significant variability of star No. 5 and the apparent 
colour indexes do not suggest a very hot star (i.e. a com- 
peting "blue" candidate for the optical counterpart). Ob- 
jects with larger magnitude than the completeness limit 
can still be detected in the different images (e.g. several 
stars at V=24-24.5 in the WIYN exposures of September 
2000), but the sample is not significant below the com- 
pleteness limit which we adopt as a ~3(t upper limit. In 
Tab. 3 we give the BVRI photometry for stars within the 
15"radius error circle corresponding to the 3a ROSAT po- 
sition of RX J0044. 0-1-4118, detected in at least two dif- 
ferent bands with V<23.5. 

Comparing the WIYN exposures taken in two consec- 
utive nights in 2000, in two consecutive nights in 1998 and 
also with Magnier et al. (1992) and Nedialkov et al. (1996), 
we did not find other variable objects in the spatial error 
box of the PSPC over time scales of a day or years. There 
are 13 other "blue" stars in Tab. 3 (B-V<0.4) which we 
consider OB-candidates. For the stars in Tab. 3 detected 
both in the R and I passband, we plotted in Fig 2 a colour- 
magnitude diagram. We also plotted the Zero Age main 
Sequence and the evolutionary tracks (from Pols et al., 
1998, transformed into V versus V-I using the Basel in- 
teractive server, Lejeune et al. 1997), for m=2 and 4 Mq, 
adopting the average foreground extinction towards M31 
E(B-V)=0.062 (see Schlegel et al. 1998). In Fig. 3 we plot- 
ted instead a colour-colour diagram for the stars with B, 
V and I detections. In both figures we show the position 
of star No. 2, our candidate nova, when it was observed 
in September of 1990. Because most stars detected in the 
three colours are very faint, the points are spread in Fig. 3, 
with large errorbars. Fourteen stars in the Figure deviate 
from the expected range of extinction law. However, this 
could be due to blending with neighbouring stellar images 
(low mass OB stars on the main sequence and AGB stars) . 
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It can be clearly seen that the nova candidate stands 
out in the upper left corner in the colour-magnitude plot 
(Fig. 2) and that it had typical colours of a not heavily 
absorbed nova (Fig. 3; note that we consider E(B V)=0.16 
intrinsic to M31). The variability time scales we sampled 
for the putative nova are several years by comparisons 
with different telescopes; with WIYN alone we sampled 
~2 years between 1998 and 2000, 1 day, and few minutes 
over a 2 hour period. The only detection and the only 
outburst we discovered are the ones of 1990 September 
17-21. 

Finally, we would like to add a few remarks about the 
stellar population within the 15" error circle. Fig 2 shows 
that it is dominated by an old disk population (71 of total 
86) of AGB stars, clumped around the values (R-I)=1.2 
and 1=20.5 and belonging to the "Tip of the AGB" (sec 
HST photometry by Sarajedini & Duyne 2001). The inter- 
val between the evolutionary tracks (Pols et. al, 1998) for 2 
and 4 solar masses and 0.9<(R-I)<1.6 corresponds to stel- 
lar ages in the range of 0.2-1.5 Gyr. Most of the other 15 
stars (excluding the nova) could be OB stars according to 
different colour criteria (such as (B V)<0.4, for example). 
The ROSAT error circle is located out of the boundaries 
of OB associations in M31 and there are no indications 
of recent star formation. Moreover, we also obtained an 
Ha image with the WIYN telescope in 2000 September, 
and failed to detect any diffuse nebulosity, which seems to 
exclude the presence of an HII region other than No. 23 of 
Tab. 3, k282. Star No. 5, the brightest one (V=19.2) in the 
field, could be a reddened OB supergiant although neither 
apparent colour indexes nor dereddening according to the 
classical extinction law (Rv=3.1) suggest a very hot star. 
Examining a 25 times larger area centered at the X-ray 
source position and comparing it with the possible fore- 
ground contamination (negligible for a circle with a radius 
of 15 ") leads to only a 10% probability that star No. 5 
belongs to the Galaxy. It is more likely to be an OB star. 
Star No. 53 it is the brightest main sequence OB candi- 
date at V=20.6. Its absolute magnitude could be as large 
as Mv-5.8 after dereddening with Av=2 mag. Some of the 
other blue star candidates are too faint to be detected in 
shorter wavelengths and they are not shown in Fig. 2. 

5. The probability of a random coincidence 

Although probably only 10% of all classical and recurrent 
novae turn into SuSos, and our colour index and variabil- 
ity study with the WIYN can detect only up to w50% of 
all possible SuSo counterparts (we estimate the rest to be 
at V<24.5 ) we are able to show that the possibility of 
a random spatial coincidence between the proposed nova 
and RX J0044.0+4118 is not high. About 85% of the no- 
vae discovered in M31 are located within 12 arcmin from 
the center of M31. Their number decreases with distance 
from the center. RX J0044.0-h4118 is at a distance 15.29 
arcmin from the center of M31, which we consider to be 



a(2ooo)=0h 42m 44.16s and (5(2ooo)=41° 16' 08.6". From 
the data published by Capaccioli et al. (1989), we estimate 
that the probability that one of the novae in outburst and 
observed in one year falls in a 15 arcscc spatial error box 
at a distance 15.29 arcmin from the center of M31 is only 
w 1.5 X 10~^, or in other words in 10^ years we expect 
only 15 novae in the error box. Even smaller is the proba- 
bility of random coincidence with a recurrent nova. Delia 
Valle and Livio (1996) have shown that the ratio between 
the rate of outbursts of recurrent and classical novae is 
in the range 0.1-0.3, thus the probability to run into a 
non-physical coincidence is not larger than 0.05% Assum- 
ing that the constant bolometric luminosity phase lasts for 
the upper limit we have on the life of RX J0044. 0-1-41 18 as 
SuSo, 3 years, we obtain a 0.05% probability to detect a 
nova within a 15 arcscc spatial error box of a SuSo, with- 
out being physically associated with it. We point out that 
this is even a very conservative conclusion, assuming that 
all the sources discovered in the M31 direction belong to 
the galaxy and all novae turn into SuSo. However, since 
observational estimates suggest that only about 10% of 
novae are detectable for few years in supersoft X-rays, it 
is likely that the probability of a random coincidence is 
even smaller than quoted above, probably of the order of 
~0.01%. 

6. Conclusions 

The nature of the population of SuSo in M31 is still to de- 
termine, and in this article we "broke the ice" by proposing 
the identification of one of the sources, RX J0044. 0-1-41 18, 
with a candidate classical nova, which must have been 
in outburst 10 months before the ROSAT observations. 
Since the statistics on Galactic novae are still very incom- 
plete, it is important to determine how frequently extra- 
galactic novae turn into SuSo and how they contribute to 
the SuSo population in near-by galaxies. Moreover, this 
object would be only the sixth classical nova ever observed 
to become a SuSo (four were observed in the galaxy an- 
done in the LMC) . Turn-off in supersoft X-rays occurred 
after about two years, which makes this object similar to 
the Galactic nova V1974 Cyg (Krautter et al. 1996). 
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Table 3. Photometry obtained for all the stars in the ROSAT-PSPC error circle of 15 arcsec. We give the V magnitude, 
the colour indexes V-R and R-I and their 1 a errors. The second column reports the angular distance in arcsec from 
the position of the supersoft X-ray source, the last column reports the number in the catalog by Magnier et al. (1996). 
the nova candidate is star no. 2. 
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0.12 


0.67 


0.08 


1.23 


0.06 




17 


7.4 





44 4.35 


41 


18 14.4 


22.58 


0.06 


_ 


_ 


0.47 


0.09 


_ 


_ 




18 


7.6 





44 5.05 


41 


18 27.0 


22.87 


0.13 


0.10 


0.16 


0.48 


0.17 


0.38 


0.20 




19 


7.6 





44 4.78 


41 


18 12.6 


23.09 


0.11 


„ 


_ 


1.55 


0.13 


0.62 


0.08 




20 


7.6 





44 4.68 


41 


18 12.6 


23.04 


0.18 


-0.37 


0.20 


1.09 


0.19 


1.02 


0.08 




21 


8.2 





44 5.46 


41 


18 18.2 














21.91 


0.06 


1.24 


0.07 




22 


8.6 





44 4.94 


41 


18 28.5 


_ 


_ 


_ 




21.74 


0.06 


0.96 


0.08 




23 


8.7 





44 4.65 


41 


18 11.6 


22.97 


0.14 


0.42 


0.19 


1.16 


0.15 


0.52 


0.10 


k282 (HII reg.) 


24 


8.8 





44 5.46 


41 


18 16.3 


22.73 


0.10 


1.11 


0.21 


1.02 


0.11 


1.16 


0.06 




25 


9.4 





44 5.58 


41 


18 18.0 


22.84 


0.09 


0.30 


0.13 


1.09 


0.11 


1.26 


0.06 




26 


9.5 





44 5.48 


41 


18 15.2 














21.72 


0.06 


1.17 


0.06 


265076 


27 


9.8 





44 5.07 


41 


18 29.4 


22.13 


0.10 


_ 


_ 


0.59 


0.11 


1.10 


0.04 




28 


9.9 





44 5.48 


41 


18 14.5 


22.85 


0.08 








0.83 


0.11 


1.59 


0.09 




29 


9.9 





44 4.29 


41 


18 11.8 


22.22 


0.06 


0.74 


0.09 


0.45 


0.08 


0.86 


0.08 




30 


9.9 





44 5.51 


41 


18 25.3 


23.15 


0.35 








2.31 


0.35 


0.68 


0.04 


265711 


31 


10.0 





44 5.62 


41 


18 22.6 














22.89 


0.15 


1.96 


0.15 




32 


10.0 





44 5.60 


41 


18 17.0 














21.77 


0.07 


1.27 


0.07 




33 


10.6 





44 5.50 


41 


18 13.5 














22.10 


0.08 


1.60 


0.09 




34 


10.6 





44 5.31 


41 


18 28.7 














22.18 


0.09 


1.30 


0.09 




35 


10.6 





44 3.96 


41 


18 25.7 


21.93 


0.07 


0.99 


0.11 


0.71 


0.08 


1.00 


0.06 


265764 


36 


10.6 





44 5.65 


41 


18 16.6 


22.73 


0.10 








1.03 


0.12 


2.36 


0.07 


265131 


37 


10.6 





44 5.41 


41 


18 12.5 


23.15 


0.13 


-0.48 


0.15 


0.86 


0.17 


0.48 


0.16 




38 


10.7 





44 3.87 


41 


18 16.2 


22.93 


0.08 








-0.18 


0.15 










39 


10.8 





44 4.80 


41 


18 31.0 


23.69 


0.19 








1.02 


0.23 










40 


10.9 





44 4.12 


41 


18 28.3 














21.08 


0.04 


1.11 


0.04 


265895 


41 


11.1 





44 5.22 


41 


18 10.4 


_ 


_ 


_ 


_ 


22.07 


0.07 


1.43 


0.08 




42 


11.1 





44 5.62 


41 


18 14.8 


_ 






_ 


21.75 


0.05 


1.55 


0.06 




43 


11.3 





44 4.92 


41 


18 31.4 


22.32 


0.08 


0.87 


0.13 


0.70 


0.09 


1.13 


0.06 




44 


11.5 





44 5.72 


41 


18 16.3 










21.82 


0.07 


2.38 


0.07 


265131 


45 


11.5 





44 5.24 


41 


18 10.1 


22.89 


0.09 






0.87 


0.11 


1.42 


0.07 




46 


11.5 





44 4.46 


41 


18 31.1 


21.84 


0.05 


0.69 


0.08 


0.81 


0.07 


1.39 


0.05 


266128 


47 


11.5 





44 3.76 


41 


18 22.3 


22.68 


0.08 






0.79 


0.10 


1.47 


0.08 


265573 


48 


11.7 





44 5.66 


41 


18 14.5 


23.04 


0.10 


0.62 


0.20 


1.32 


0.11 


1.54 


0.05 




49 


11.8 





44 4.50 


41 


18 8.8 


21.66 


0.03 


1.52 


0.09 


1.19 


0.04 


1.15 


0.03 


264615 


50 


11.9 





44 3.98 


41 18 28.2 


22.65 


0.14 


-0.26 


0.11 






19.99 


0.01 




51 


12.1 





44 5.50 


41 18 11.4 


22.43 


0.06 


0.61 


0.12 


0.54 


0.10 


1.01 


0.09 




52 


12.1 





44 4.05 


41 18 11.1 


22.64 


0.07 


0.36 


0.11 


0.68 


0.10 


1.18 


0.09 




53 


12.2 





44 5.67 


41 18 26.7 


20.58 


0.03 


0.18 


0.03 


0.15 


0.03 


0.43 


0.04 


265816 


54 


12.2 





44 4.68 


41 


18 8.1 


22.43 


0.06 


0.90 


0.13 


0.80 


0.08 


1.15 


0.06 




55 


12.3 


044 5.34 


41 18 30.7 


22.90 


0.15 






0.76 


0.16 








56 


12.3 


44 4.44 


41 18 32.0 










21.09 


0.05 


1.40 


0.05 


266128 


57 


12.4 


44 5.86 


41 18 19.6 


22.39 


0.08 


1.03 


0.15 


0.84 


0.10 


0.14 


0.11 


265353 
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Table 3. continued 



no. 


d(') 




Q;2ooo 


(52000 


V 


cr 


B-V or B 


a 


V-R or R 


a 


R-I or I 


a 


Mag.no. 


59 


12.6 





44 


3.66 


41 18 18.1 


- 


- 


- 


- 


21.13 


0.05 


-0.58 


0.15 


265294 


60 


12.7 





44 


5.14 


41 18 32.2 


22.68 


0.10 


1.19 


0.20 


0.39 


0.13 


1.12 


0.11 




61 


12.8 





44 


5.89 


41 18 19.9 


- 


- 


- 


- 


21.52 


0.11 


0.14 


0.11 


265353 


62 


12.9 





44 


5.89 


41 18 22.2 


- 


- 


- 


- 


21.89 


0.06 


1.21 


0.07 


265485 


63 


12.9 





44 


3.95 


41 18 11.2 


22.43 


0.07 


0.19 


0.14 


0.80 


0.09 


1.13 


0.07 


264754 


64 


13.0 





44 


5.68 


41 18 28.0 


22.72 


0.10 


0.48 


0.15 


0.29 


0.16 


1.23 


0.17 




65 


13.0 





44 


5.62 


41 18 11.5 


23.34 


0.14 


0.05 


0.20 


1.08 


0.18 


1.48 


0.12 




66 


13.7 





44 


5.89 


41 18 25.1 


22.73 


0.13 


0.60 


0.18 


0.86 


0.14 


1.40 


0.06 


265728 


67 


13.7 





44 


3.99 


41 18 9.5 


22.19 


0.07 


- 


- 


0.47 


0.11 


0.60 


0.13 




68 


13.8 





44 


5.90 


41 18 25.2 


- 


- 


- 


- 


21.90 


0.05 


1.40 


0.06 


265728 


69 


13.9 





44 


5.60 


41 18 30.4 


22.67 


0.11 


1.46 


0.25 


0.46 


0.14 


1.43 


0.11 




70 


14.0 





44 


5.99 


41 18 21.8 


22.53 


0.08 


- 


- 


0.50 


0.12 


1.12 


0.10 




71 


14.1 





44 


3.95 


41 18 9.4 


- 


- 


- 


- 


21.74 


0.09 


0.61 


0.13 




72 


14.1 





44 


3.90 


41 18 9.9 


22.45 


0.09 


- 


- 


0.49 


0.13 


- 


- 




73 


14.2 





44 


5.77 


41 18 11.7 


- 


- 


- 


- 


22.10 


0.10 


0.99 


0.10 




74 


14.3 





44 


4.54 


41 18 6.1 


22.24 


0.08 


0.20 


0.10 


1.00 


0.09 


1.30 


0.06 




75 


14.4 





44 


3.49 


41 18 21.6 


22.03 


0.08 


- 




0.98 


0.09 


1.16 


0.03 




76 


14.5 





44 


6.04 


41 18 18.8 


22.37 


0.06 


1.10 


0.22 


0.89 


0.08 


0.76 


0.07 




77 


14.5 





44 


5.90 


41 18 26.8 


22.44 


0.11 






0.95 


0.12 


0.96 


0.06 




78 


14.6 





44 


3.62 


41 18 13.4 


22.97 


0.10 


0.47 


0.16 


1.55 


0.11 


1.39 


0.05 




79 


14.6 





44 


6.05 


41 18 21.8 


22.67 


0.11 






0.64 


0.13 


1.12 


0.12 




80 


14.6 





44 


5.34 


41 18 33.2 


21.78 


0.04 


1.18 


0.08 


0.76 


0.05 


0.91 


0.04 


266223 


81 


14.7 





44 


5.99 


41 18 15.3 


22.61 


0.07 


0.44 


0.11 


0.76 


0.09 


1.59 


0.07 




82 


14.7 





44 


3.50 


41 18 24.4 


21.75 


0.05 






0.55 


0.07 






265643 


83 


14.8 





44 


3.59 


41 18 13.5 










21.86 


0.07 


0.77 


0.09 




84 


14.8 





44 


6.06 


41 18 18.2 










21.47 


0.05 


0.76 


0.07 




85 


14.8 





44 


4.46 


41 18 5.8 


21.73 


0.06 






1.04 


0.07 


0.07 


0.06 


264388 


86 


14.9 





44 


5.22 


41 18 6.3 










21.70 


0.07 


1.19 


0.07 





Capaccioli, M., Delia Valle, M., & D'Onofrio, M., Rosino, L. 

1989, AJ, 97, 1622 
Cowley, A. P., Schmidtke, P. C, Hutchings, J. B., & Crampton, 

D. 1995, PASP, 107, 927 
Cohen, J.D. 1985, ApJ 292, 90 
Delia Valle, M., & Livio M. 1996, ApJ, 473, 240 
Greiner, J. 2000, New Astronomy Reviews, 5, 137 
Greiner, J., Tovmassian, G.H., Di Stefano, R., Prcstwich, A., 

Gonzalez-Ricstra, R., Szentasko, L., Chavarria, C. 1999, 

A&A, 343, 183 

Greiner, J., Supper, R., & Magnier, E.A. 1996, in Supersoft 

X-ray Sources, ed. J. Greiner, Lect. Notes in Phys. 472, 

Springer, p. 75 
Kahabka, P. 1999, A&A, 344, 459 
Kahabka, P., Ergma, E. 1997, A&A, 318, 108 
Kahabka, P., & van don Heuvel, E.P.J. 1997, ARA&A, 35, 69 
Kato M., 1997, ApJS, 113, 121 
Komossa, S., & Greiner, J. 1999, A&A, 349, 45 
Krautter, J., Ogelman, S., Starrfield, S., Wichmann, R., & Pf- 

effermann, E. 1996, ApJ, 456, 788 
Long, K. S., Helfand, D. J., & Grabelsky, D. A. 1981, ApJ, 

248, L925 

Magnier, E.A., ct al. 1992, A&AS, 96, 379 
Mathis J., 1990, ARA&A, 28, 37 

Nedialkov, P.L., Tikhonov, N.A., Kurtev, R.G., & Ivanov, G.R. 

1996, IBVS, 4411, 1 
Orio, M., Covington, J., & Ogelman, H. 2001, A&A, 373, 542 



Orio, M., Delia Valle, M., Massonc, G., & Ogelman, H. 1994, 
A&A, 289, Lll 

Orio, M., Delia Valle, M., Massone, G., & Ogelman, H. 1997, 
A&A, 325, LI 

Orio, M., Casalegno, R., Conselice, C, Greiner, J., Nedialkov, 

P.L., & Tikhonov, N.A. 2002, ASP Conference Series no. 

234, R. Giacconi, S. Serio and L. Stella, eds., in press 
Pols, O.R., Schroder, K.-P., Hurley, J. R., Tout, C. A., Eggle- 

ton, P. P. 1998, MNRAS, 298, 525 
Rosino, L. 1964a, AnAp, 27, 497 
Rosino, L. 1964b, AnAp, 27, 498 
Sarajedini, A., & Van Duyne, J. 2001, AJ, 122, 2444 
Sakai, S, Zaritsky, D., & Kennicutt, R. C. Jr. 2000, AJ 119, 

1197 

Schlegel, D.J., Finkbeiner, D. P., Davis, M. 1998, ApJ, 500, 

525 

Stanek, K.Z., & Garnavich P. M. 1998, ApJ, 503, L131 
Supper, R., et al. 1997, A&A, 317, 328 

Trudolyubov, S.P., Borozdin, K.N., Priedhorsky, W.C. 2001, 
ApJ, 536, LI 19 

van den Heuvel, E.P.J. , Bhattacharya, D., Nomoto, K., & Rap- 

paport, S. A. 1992, A&A, 262, 97 
Yungelson, L., & Livio, M., Truran, J.W., Tutukov, A., Fe- 

dorova. A., 1996, Ap J, 466, 890 
Yungelson, L., & Livio, M. 1998, ApJ, 497, 168 
Wang Q., & Wu X. 1992, ApJS, 78, 391 

White, N.E., Giommi, P., Heise, J., Angelini, L., Fantasia, S. 
1995, ApJ, 445, 125 



8 Supersoft source in M31: First optical r 
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Fig. 1. A 15"error circle around the ROSAT position of 
the supersoft X-ray source RX J0044. 0+4118 is plotted 
here on different images. The small image on the left (a) 
was obtained in B band by Nedialkov et al. (1996) on 
September 21 1990 and image c which is a part of b was 
obtained in the V band with the WIYN 3.5m telescope 
in 2000 September. The position of the putative nova is 
indicated by the open square (as measured by Nedialkov 
et al., 1996) and by the "X" (as measured by Magnier et 
al., 1992) and in Tab. 3 we report the photometric mea- 
surements obtained for all the stars in the error circle. We 
show in c the brightest stars of Tab. 3. 



;ion of a supersoft X-ray source in M31 
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Fig. 2. Color-magnitude diagram for 77 stars with RI pho- 
tometry in Tab. 3. The approximate location of ZAMS at 
the distance modulus (m-M)o=24.47 of M31 (Stanek & 
Garnavich, 1998) is shown. The evolutionary tracks for 
m=2 and 4 Mq are also plotted (see text). The arrow in- 
dicates the reddening vector corresponding to the classical 
extinction law of Mathis (1990), and Rv=3.1. The filled 
circles represent the magnitudes and colours of the candi- 
date nova on Sept. 17 1990, and of the two brightest stars 
(No. 5 and 53) within the 15" error circle from the nova. 
On the right the average errors for different values of V 
are shown. 
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Table 1. Results of observations in different nights and 
years: date, telescope, band of the filter, absolute mag- 
nitude or upper limit of the nova candidate and of star 
no. 5, the brightest star in the ROSAT error circle. 
SAO= Special Astrophysical Observatory of the Russian 
Academy of Sciences, BAS=Bulgarian Academy of Sci- 
ences, MGH=McGraw-Hill, MPI=Max Planck Institut 
(FRG). a is the error on the magnitude or colour index 
of the previous column. The asterisk near "0.8 MPI" in- 
dicates that an objective prism was mounted. 



Table 2. Same as in Table 1 for observations done since 
the beginning of 1991. The asterisk near "0.8m MPI" in- 
dicates that an objective prism was mounted. 



date 


telescope 


band 


mag(n) 


mag (5) 


1976/09/15 


1.2m MPI 


B 


> 19.5 


> 19.5 


1976/11/15 


1.2m MPI 


B 


> 20.8 


20.2 ±0.1 


1976/11/17 


1.2m MPI 


B 


> 22.1 


20.2 ±0.1 


1976/11/20 


1.2m MPI 


B 


> 22.1 


20.1 ± 0.1 


1977/08/11 


1.2m MPI 


V 


> 20.7 


19.5 ±0.1 


1977/08/12 


1.2m MPI 


B 


> 20.1 


20.1 ±0.1 


1977/10/04 


1.2m MPI 


B 


> 21.0 


20.2 ±0.1 


1980/10/15 


BAS 


B 


> 22.0 


20.0 ±0.1 


1981/10/03 


BAS 


B 


> 21.2 


20.1 ±0.2 


1981/10/04 


BAS 


B 


> 21.8 


20.2 ±0.2 


1981/10/05 


BAS 


B 


> 21.2 


20.0 ± 0.2 


1982/07/22 


1.2m MPI 


B 


> 20.9 


20.2 ±0.1 


1982/11/09 


BAS 


B 


> 22.0 


20.5 ±0.1 


1982/11/13 


BAS 


B 


> 22.0 


20.0 ±0.2 


1982/11/22 


BAS 


B 


> 21.5 


20.2 ±0.2 


1982/11/23 


BAS 


B 


> 21.5 


20.0 ±0.2 


1982/12/05 


0.8m MPI 


B 


> 21.3 


20.0 ±0.1 


1983/01/13 


BAS 


B 


> 21.5 


20.1 ±0.3 


1983/08/11 


BAS 


B 


> 21.5 


20.1 ±0.2 


1983/10/15 


BAS 


B 


> 21.0 


20.1 ±0.2 


1983/10/16 


BAS 


B 


> 21.0 


20.1 ±0.2 


1983/12/23 


0.8m MPI 


R 


> 19.7 


19.0 ±0.2 


1984/09/05 


0.8m MPI 


R 


> 19.0 


> 19.0 


1984/10/24 


BAS 


U 


> 21.0 


20.4 ±0.4 


1985/07/18 


BAS 


B 


> 21.5 


20.3 ±0.2 


1986/10/03 


BAS 


V 


> 20.5 


19.1 ±0.2 


1986/11/02 


BAS 


V 


> 21.2 


19.1 ±0.1 


1987/10/27 


0.8m MPI* 


R 


> 17.5 


> 17.5 


1990/06/29 


0.8m MPI 


R 


> 20.5 


19.0 ±0.2 


1990/07/04 


0.8m MPI 


R 


> 20.5 


19.0 ±0.2 


1990/08/02 


0.8m MPI 


R 


> 20.4 


19.0 ±0.2 


1990/08/17 


0.8m MPI 


R 


> 19.5 


18.9 ±0.2 


1990/08/28 


0.8m MPI 


R 


> 20.4 


19.0 ±0.2 


1990/09/17.44 


MGH 


R 


17.711 ±0.025 


18.744 ± 0.004- 


1990/09/17.45 


MGH 


I 


17.372 ± 0.025 


18.437 ± 0.037 


1990/09/17.45 


MGH 


V 


18.054 ±0.025 


19.207 ±0.027 


1990/09/17.45 


MGH 


B 


18.428 ± 0.025 


19.998 ± 0.034 


1990/09/19.35 


MGH 


V 


18.845 ± 0.025 




1990/09/19.36 


MGH 


I 


18.390 ± 0.025 




1990/09/20.99 


0.8m MPI 


R 


17.65 ±0.08 


18.83 ± 0.10 


1990/09/22.03 


Im SAO 


B 


18.2 ±0.1 




1990/12/12 


MPI 


R 


> 19.20 


18.73 ± 0.09 



date 


telescope 


band mag(n) 


mag(5) 




1991/01/03 


0.8m MPI 


R 


> 


19, 


,3 


18.72 ±0, 


,07 


1991/01/18 


0.8m MPI* 


R 


> 


19, 


.8 


18.8 ± 0, 


,2 


1991/06/19 


0.8m MPI 


B 


> 


20, 


.9 


20.0 ± 0, 


,2 


1991/06/21 


0.8m MPI 


B 


> 


21, 


,1 


20.2 ± 0, 


,2 


1991/08/09 


0.8m MPI 


B 


> 


19, 


,0 


18.7 ±0, 


,2 


1991/10/01 


Im SAO 


B 


> 


20, 


,5 


20.1 ±0, 


,3 


0991/10/06 


Im SAO 


B 


> 


22, 


.0 


20.2 ± 0, 


,2 


1991/10/07 


Im SAO 


B 


> 


22, 


.0 


20.2 ±0, 


.2 


1991/10/09 


Im SAO 


B 


> 


21, 


,4 


20.4 ± 0, 


,2 


1991/10/12 


Im SAO 


B 


> 


22, 


,0 


20.0 ± 0, 


,1 


1991/10/29 


0.8m MPI 


R 


> 


20, 


,5 


18.8 ±0, 


,2 


1991/11/11 


0.8m MPI 


R 


> 


20, 


.5 


18.8 ±0, 


.2 


1991/12/12 


0.8m MPI 


R 


> 


19, 


.3 


18.9 ±0, 


.1 


1992/01/27 


Im SAO 


B 


> 


21, 


,5 


20.3 ±0, 


,2 


1992/01/28 


Im SAO 


B 


> 


21, 


,0 


20.0 ±0, 


,2 


1992/02/01 


0.8m MPI 


R 


> 


19, 


,3 


18.9 ± 0, 


,1 


1992/07/28 


Im SAO 


B 


> 


21, 


.2 


20.4 ± 0, 


.2 


1992/07/29 


Im SAO 


B 


> 


21, 


.4 


20.0 ±0, 


.2 


1992/08/03 


Im SAO 


B 


> 


21, 


,5 


20.4 ± 0, 


,2 


1992/08/05 


Im SAO 


B 


> 


21, 


.8 


20.5 ±0, 


.2 


1992/11/23 


0.8m MPI* 


R 


> 


18, 


.8 


18.8 ±0, 


.1 


1992/11/25 


0.8m MPI 


R 


> 


20, 


.4 


18.8 ±0, 


.1 


1993/01/24 


0.8m MPI* 


R 


> 


18, 


.9 


18.8 ±0, 


.1 


1994/09/27 


2m BAS 


B 


> 


21, 


,0 


20.1 ± 0, 


,2 


1994/09/27 


2m BAS 


B 


> 


21, 


.0 


20.1 ±0, 


.2 


1994/09/28 


2m BAS 


B 


> 


21, 


.0 


20.0 ±0, 


.2 


1994/09/28 


2m BAS 


B 


> 


21, 


,0 


19.9 ±0, 


,2 


1996/10/10 


0.8m MPI 


V 


> 


20, 


,5 


19.2 ±0, 


,1 


1996/12/02 


0.8m MPI 


V 


> 


19, 


,7 


19.3 ±0, 


,1 


1997/10/30 


0.8m MPI 


V 


> 


20, 


.0 


19.4 ±0, 


.1 


1998/08/17 


WIYN 


R 


> 


20, 


.0 


18.77 ±0, 


.05 


1998/08/17 


WIYN 


U 


> 


20, 


,2 


> 20.2 




1999/01/19 


0.8m MPI 


V 


> 


19, 


,7 


19.3 ±0, 


,1 


2000/08/28 


0.8m MPI 


V 


> 


21, 


,0 


19.3 ±0, 


,1 


2000/09/26 


WIYN 


V 


> 


23, 


.5 


19.18 ±0, 


.02 


2000/09/27 


WIYN 


V 


> 


23, 


.5 


19.19 ±0, 


.02 


2000/09/27 


WIYN 


R 


> 


22, 


,0 


18.77 ±0, 


,03 


2000/10/02 


6m SAO 


B 


> 


22, 


,5 


20.08 ±0, 


,02 


2000/10/02 


6m SAO 


V 


> 


23, 


,0 


19.20 ±0, 


,01 


2000/10/02 


6m SAO 


R 


> 


22, 


,5 


18.74 ± 0, 


,01 


2000/10/02 


6m SAO 


I 


> 


21, 


,5 


18.27 ±0, 


,01 
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Supersoft source in M31: First optical identification of a supersoft X-ray source in M31 



B-VF 



-0.5 7 




Fig. 3. Two-colour diagram for the 37 stars from Tab. 3 
with BVI photometry. The solid line is the location of su- 
pergiant stars and the long dashed line is the location 
of main sequence stars (Bessel, 1990). The two arrows 
represent the reddening vector typical for the "diffuse" 
(Rv=3.1) and the "dense" (Rv=6.0) interstellar medium 
(Mathis 1990). The open circle indicates the position of 
the candidate nova in this diagram on Sept. 17, 1990 
and the two filled circles indicate the positions of stars 
no. 5 and 53 in September of 2000. The mean locus for 
Galactic novae at maximum, (B-V)o=0.15 (Cohen, 1985), 
is marked with an "X" . 



